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DESCRIPTION 

OHMIC ELECTRODE STRUCTURE OF NITRIDE SEMICONDUCTOR DEVICE 

5 

Technical Field 

This invention relates to an ohmic electrode structure of a nitride 
semiconductor device and, in particular, relates to an ohmic electrode structure 
of a nitride semiconductor device that can be used in a device using a nitride 
10 semiconductor, such as, for example, a light-emitting diode, a laser diode, a 
Schottky diode, a field-effect transistor, or a bipolar transistor. 

Background Art 

As shown in Japanese Unexamined Patent Publication No. Hei 7-45867 
15 (hereinafter referred to as Patent Document 1), Ti/AI is used as an ohmic 

electrode material in a conventional AIGaN/GaN HJFET structure. By using A! 
as the electrode material in this manner, the contact resistance with a nitride 
semiconductor at room temperature becomes low. 

20 Disclosure of the Invention 

However, when Al is used as the electrode material, the melting point of 
Al is as low as 660*^0, Al tends to react with oxygen in the atmosphere, and Al 
has a high reactivity and tends to form a eutectic alloy with another metal. 
From these reasons, there has been a problem that the surface shape changes 
25 during high-temperature operation or high-temperature storage. 

Further, there has been a problem that the time-dependent change in 
contact resistance is large and, therefore, even if a low contact resistance is 
obtained at room temperature, the contact resistance deteriorates with time 
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during operation. 

Moreover, for example, in the foregoing Patent Document 1, reactions 
of Al and Ti slowly proceed from low temperatures near 300°C. Accordingly, 
there has been a problem that the electrode gradually changes during high- 
5 temperature operation so that the contact resistance is degraded. 

Therefore, this invention has been made in view of the foregoing prior 
art problems and has an object to provide an ohmic electrode of a nitride 
semiconductor device that can withstand high-temperature storage and is free 
from degradation in contact resistance even during operation. 

10 

Means for Solving the Problem 

According to a first aspect of this invention, an ohmic electrode 
structure of a nitride semiconductor device having a nitride semiconductor 
comprises a first metal film formed on the nitride semiconductor, and a second 

15 metal film formed on the first metal film, wherein the first metal film is made of at 
least one material selected from the group consisting of V, Mo, Ti, Nb, W, Fe, Hf, 
Re, Ta, and Zr, and the second metal film is made of at least one material that is 
different from that of the first metal film and selected from the group consisting 
of V, Mo. Ti, Nb, W, Fe, Hf. Re, Ta, Zr, Pt, and Au. 

20 It is preferable that the nitride semiconductor be a semiconductor 

containing GaN, AIN, InN, and their mixture as main components. 

It is preferable that a Si layer be formed between the first metal film and 
the nitride semiconductor. This Si layer serves as an n-type dopant with 
respect to the nitride semiconductor. 

25 Further, according to a second aspect of this invention, an ohmic 

electrode structure of a nitride semiconductor device having a nitride 
semiconductor comprises a first metal film formed on the nitride semiconductor, 
a second metal film formed on the first metal film, and a third metal film formed 
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on the second metal film, wherein the first metal film is made of at least one 
material selected from the group consisting of V, Mo. Ti, Nb, W, Fe, Hf, Re, Ta, 
and Zr, the second metal film is made of at least one material that is different 
from that of the first metal film and selected from the group consisting of V, Mo, 
5 Ti, Nb. W, Fe, Hf, Re. Ta, Zr, Pt, and Au, and the third metal film is made of at 
least one material that is different from that of the second metal film and 
selected from the group consisting of V, Mo, Ti, Nb. W, Fe, Hf, Re, Ta. Zr. Pt, 
and Au. 

It is preferable that the nitride semiconductor be a semiconductor 

10 containing GaN, AIN, InN, and their mixture as main components. 

It is preferable that a Si layer be formed between the first metal film and 
the nitride semiconductor. This Si layer serves as an n-type dopant with 
respect to the nitride semiconductor. 

An ohmic electrode of a nitride semiconductor device of this invention is 

15 made of a metal, as a main component, having a melting point equal to or 

higher than a melting point of Au. Therefore, the surface shape does not easily 
change during high-temperature operation or high-temperature storage. The 
reactions of Al and Ti slowly proceed from low temperatures near 300°C, while, 
in the electrode structure of this invention, since Al having a low melting point is 

20 not used, alloying is reluctant to proceed, thus being stable. Accordingly, an 
ohmic electrode that can maintain a low contact resistance even during high- 
temperature operation can be obtained. By using the electrode structure that is 
stable even at high temperatures as described above, even if the temperature 
around the electrode rises through actual energization, the low contact 

25 resistance can be maintained to realize excellent devise properties. 

Particularly in the case of a high-output devise, since the devise temperature 
becomes high, the effect is remarkable. 
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Brief Description of the Drawings 

Fig. 1 is a sectional structural view showing an ohmic electrode 
according to a first embodiment of this invention. 

Fig. 2 is a sectional structural view showing an ohmic electrode 
5 according to a second embodiment of this invention. 

Fig. 3 is a sectional structural view showing an ohmic electrode 
according to a third embodiment of this invention. 

Best Mode for Carrving Out the Invention 
10 Embodiments of this invention will be described with reference to the 

drawings. 

(First Embodiment) 

The first embodiment of this invention is shown in Fig. 1 . Fig. 1 is a 
sectional structural view showing an ohmic electrode according to the first 
15 embodiment of this invention. 

The ohmic electrode of this invention is such that a first metal film 102 
and a second metal film 103 are formed in order on a nitride semiconductor 101 
such as a GaN-based semiconductor. Thereafter, heat treatment is carried out 
at 500°C or more. In this manner, the ohmic electrode is formed. 
20 The nitride semiconductor 101 of this embodiment is. for example, a 

semiconductor containing GaN, AIN, InN, and their mixture as main components. 

The first metal film 102 is, for example, a metal film containing one of V, 
Mo, Ti, Nb, W, Fe, Hf, Re, Ta, and Zr. 

The second metal film 103 is, for example, a metal film containing one 
25 of V, Mo, Ti, Nb, W, Fe, Hf, Re. Ta. Zr, Pt, and Au, which differs from that of the 
first metal film 102. 
(Example 1 ) 

Description will be made of an Example of the first embodiment of this 



5 



invention. 

An ohmic electrode of this invention uses AIGaN (e.g. A! composition 
ratio 0.3) as a nitride semiconductor 101 . Then, a Nb layer (e.g. film thicl<ness 
30nm) as a first metal film 102 and an Au layer (e.g. film thickness 200nm) as a 
5 second metal film 103 are sputter-deposited and heat treatment at 1000°C is 
carried out. In this manner, the ohmic electrode is produced □ 

With this electrode structure, since the melting point of Nb is extremely 
high as 2477°C and the melting point of Au is also high as 1064°C, no melting 
occurs at the heat treatment temperature. Further, alloying is difficult to 
10 proceed, thus being stable. Accordingly, it is possible to realize a low contact 
resistance of 3Qmm or less even if the temperature near the electrode rises to 
500°C during energization. 

Although Nb is used as the first metal film 102 in this Example, the first 
metal film 102 may be a metal film containing one of V, Mo, Ti, W. Fe, Hf, Re, Ta, 
15 and Zr, or Si and N may be mixed. However, since there is a metal whose 

melting point is lowered depending on the mixing ratio of Si, it is preferable that 
the mixing ratio of Si be set to a value that causes the melting point of an alloy 
to be 1 000°C or more. 

Further, although Nb is used as the second metal film 103, it is possible 
20 to use therefor a metal film containing one of V, Mo, Ti, Nb, W, Fe, Hf, Re, Ta, Zr, 
Pt, and Au, which differs from that of the first metal film 102. 

Table 1 shows the first metals with one example of their thickness and 
the second metals with one example of their thickness, which are applicable in 
Example 1 . Further, the melting points of the respective metals are shown 
25 under atomic symbols. 
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Table 1 



First Metal 


Thickness (nm) 


Second Metal 


Thickness (nm) 


V 

IQIS^C 


30 


y 


200 


Mo 

2620°C 




Mo 
2620°C 


200 


Nb 
2458**C 


30 


Nb 
2458°C 


200 


J\ 

1667°C 


30 


li 
leey^c 


200 


W 
3407°C 


30 


w 

3407°C 


200 


£e 
1535°C 


30 


Fe 

1535°C 


200 


Hf 

2222°C 


30 


Hf 

2222°C 


200 


Re 

3180°C 


30 


Re 

3180°C 


200 


2980°C 


30 


3a 
2980°C 


200 


Zr 
1857°C 


30 


Zr 
1857''C 


200 






Au 
1064*'C 


200 




Pt 
1769°C 


200 



In this Example, the thickness of the Nb layer as the first metal film 102 
5 is set to 30nm and the thickness of the Au layer as the second metal film 103 is 
set to 200nm. However, the thicknesses of the Nb layer and the Au layer can 
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be set to desired values. However, in order to prevent Au from directly 
contacting the semiconductor due to the influence of roughness of the metal 
interface, the thickness of the first metal film 202 (e.g. the Nb layer) is preferably 
10nm or more. 

5 In this Example, the first and second metal films 1 02 and 1 03 are 

formed by sputter deposition. However, it is also possible to stack them in 
layers by another method such as electron-gun deposition. 

Further, in this Example, the heat treatment temperature is set to 
1 000°C. However, the heat treatment temperature can be set to a desired 
10 value depending upon a metal to be used. Nevertheless, since the contact 
resistance tends to decrease as the heat treatment temperature rises, it is 
preferable to carry out the heat treatment at 800°C or more. When further 
stacking a layer after the heat treatment, a desired metal can be formed to a 
desired thickness depending on the purpose. 
15 (Second Embodiment) 

The second embodiment of this invention is shown in Fig. 2. 
Fig. 2 is a sectional structural view showing an ohmic electrode 
according to the second embodiment of this invention. 

The ohmic electrode of this invention is such that a first metal film 202, 
20 a second metal film 203, and a third metal film 204 are formed in order on a 
nitride semiconductor 201 such as a GaN-based semiconductor. Thereafter, 
heat treatment is carried out at 500°C or more. In this manner, the ohmic 
electrode is formed. 

The nitride semiconductor 201 of this embodiment is, for example, a 
25 semiconductor containing GaN, AIN, InN, and their mixture as main components. 

The first metal film 202 is, for example, a metal film containing one of V, 
Mo, Ti, Nb. W, Fe, Hf, Re, Ta, and Zr. 

The second metal film 203 is, for example, a metal film containing one 



of V, Mo, Ti, Nb, W, Fe, Hf, Re, Ta, Zr, Pt, and Au. which differs from that of the 
first metal film 202. 

The third metal film 204 is, for example, a metal film containing one of V, 
Mo, Ti, Nb, W, Fe, Hf, Re, Ta, Zr, Pt, and Au, which differs from that of the 
5 second metal film 203. 
(Example 2) 

Description will be made of an Example of the embodiment of this 
invention. 

An ohmic electrode of this invention uses AIGaN (e.g. Al composition 

10 ratio 0.3) as a nitride semiconductor 201 . Then, a Nb layer (e.g. film thickness 
30nm) as a first metal film 202, a Pt layer (e.g. film thickness 35nm) as a 
second metal film 203, and an Au layer (e.g. film thickness 200nm) as a third 
metal film 204 are sputter-deposited and heat treatment at 1000°C is carried out. 
In this manner, the ohmic electrode is produced. 

15 With this electrode structure, since the melting point of Nb is 2477°C, 

the melting point of Pt is 1768°C, which are extremely high, and the melting 
point of Au is also high as 1064°C, no melting occurs at the heat treatment 
temperature. Further, since Pt is sandwiched between Nb and Au, alloying is 
more reluctant to proceed, thus being stable. Accordingly, it is possible to 

20 realize a low contact resistance of 3Qmm or less even if the temperature near 
the electrode rises to 500°C during energization. 

Although Nb is used as the first metal film 202 in this Example, use may 
be made, as the first metal film 202, of a metal film containing one of V, Mo, Ti, 
W, Fe, Hf. Re. Ta, and Zr, or Si and N may be mixed. However, since there is a 

25 metal whose melting point is lowered depending on the mixing ratio of Si. it is 
preferable that the mixing ratio of Si be set to a value that causes the melting 
point of an alloy to be 1000°C or more. 

Further, although Pt is used as the second metal film 203 in this 
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Example, it is possible to use therefor a metal film containing one of V, Mo, Ti, 
Nb. W, Fe, Hf, Re, Ta, Zr, Pt, and Au, which differs from that of the first metal 
film 202. 

Further, although Au is used as the third metal film 204, it is possible to 
5 use therefor a metal film containing one of V, Mo, Ti, Nb, W, Fe, Hf, Re, Ta, Zr, 
Pt, and Au, which differs from that of the second metal film 203. 

Table 2 shows the first metals with one example of their thickness, the 
second metals with one example of their thickness, and the third metals with 
one example of their thickness, which are applicable in Example 2. Further, the 
10 melting points of the respective metals are shown under atomic symbols. 
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Table 2 



III Ol 

Metal 


(nm) 


Metal 


(nm) 


Third 
Metal 


Thickness 
(nm) 


y 

IQIS'^C 




y 

1915°C 


35 


y 

1915°C 


200 


Mo 

2620°C 




Mo 
2620°C 


35 


Mo 
2620°C 


200 


Nb 
2458°C 




Nb 
2458°C 


35 


Nb 
2458°C 


200 


li 

1667°C 


\J\J 


1667°C 


35 


li 

1667°C 


200 


W 

3407°C 


r 


W 
3407°C 


35 


W 
3407°C 


200 


Fe 
1535°C 




Fe 
1535''C 


35 


Fe 
1535°C 


200 


Hf 

2222°C 


v/V/ 


id! 

2222°C 


35 


Hf 
2222°C 


200 


Re 
3180°C 


30 


Re 

3180°C 


35 


Re 

3180°C 


200 


3a 
2980°C 


30 


Ta 
2980''C 


35 


3a 
2980°C 


200 


Zr 
1857°C 


30 


Zr 
1857°C 


35 


Zr 
1857°C 


200 




Au 

1064°C 


35 


Au 

1064°C 


200 


Pt 

1769°C 


35 


Pt 

1769°C 


200 



In this Example, the thickness of the Nb layer as the first metal film 202 
is set to SOnm, the thickness of the Pt layer as the second metal film 203 is set 
to 35nm, and the thickness of the Au layer as the third metal film 204 is set to 
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200nm. However, the thicknesses of the Nb layer, the Pt layer, and the Au 
layer can be set to desired values. However, in order to prevent Au from 
directly contacting the semiconductor due to the influence of roughness of the 
metal interfaces, the thickness of the second metal film 203 (e.g. the Pt layer) is 
5 preferably 10nm or more. Further, the thickness of the first metal film 202 
contacting the semiconductor surface may be suitably set to a value greater 
than 3 to 5nm which is capable of covering the semiconductor surface. 

In this Example, the first, second, and third metal films 202, 203, and 
204 are formed by sputter deposition. However, it is also possible to stack 
10 them in layers by another method such as electron-gun deposition. 

Further, in this Example, the heat treatment temperature is set to 
1000°C. However, the heat treatment temperature can be set to a desired 
value depending upon a metal to be used. Nevertheless, since the contact 
resistance tends to decrease as the heat treatment temperature rises, it is 
15 preferable to carry out the heat treatment at 800°C or more. 

When further stacking a layer after the heat treatment, a desired metal 
can be formed to a desired thickness depending on the purpose. 
(Third Embodiment) 

The third embodiment of this invention is shown in Fig. 3. 
20 Fig. 3 is a sectional structural view showing an ohmic electrode 

according to the third embodiment of this invention. 

The ohmic electrode of this invention is such that a Si layer 302, a first 
metal film 303, and a second metal film 304 are formed in order on a nitride 
semiconductor 301 such as a GaN-based semiconductor. Thereafter, heat 
25 treatment is carried out at 500°C or more. In this manner, the ohmic electrode is 
formed. 

The nitride semiconductor 301 of this embodiment is, for example, a 
semiconductor containing GaN. AIN, InN, and their mixture as main components. 



The first metal film 303 is. for example, a metal film containing one of V, 
Mo. Ti, Nb, W, Fe, Hf. Re, Ta. and Zr. 

The second metal film 304 is, for example, a metal film containing one 
of V, Mo, Ti, Nb, W, Fe, Hf, Re. Ta, Zr. Pt, and Au, which differs from that of the 
5 first metal film 303. 
(Example 3) 

Description will be made of an Example of the embodiment of this 
invention. 

An ohmic electrode of this invention uses AIGaN (e.g. Al composition 

10 ratio 0.3) as a nitride semiconductor 301 . Then, a Si layer 302 (e.g. film 

thickness 3nm). a Nb layer (e.g. film thickness 30nm) as a first metal film 303, 
and an Au layer (e.g. film thickness 200nm) as a second metal film 304 are 
electron-gun-deposited and heat treatment at 1000*^C is carried out. In this 
manner, the ohmic electrode is produced. 

15 With this electrode structure, since the melting point of Nb is 2477°C, 

the melting point of Pt is 1768°C, which are extremely high, and the melting 
point of Au is also high as 1064°C, no melting occurs at the heat treatment 
temperature. Further, alloying is reluctant to proceed, thus being stable. 
Moreover, since Si serves as an n-type dopant with respect to AIGaN, a further 

20 reduction in contact resistance can be achieved. Accordingly, it is possible to 
realize a low contact resistance of 2Qmm or less even if the temperature near 
the electrode rises to 500°C during energization. 

Although Nb is used as the first metal film 303 in this Example, use may 
be made, as the first metal film, of a metal film containing one of V, Mo, Ti, W, 

25 Fe. Hf, Re, Ta, and Zr, or Si and N may be mixed. However, since there is a 
metal whose melting point is lowered depending on the mixing ratio of Si, it is 
preferable that the mixing ratio of Si be set to a value that causes the melting 
point of an alloy to be 1 000°C or more. 
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Further, although Au is used as the second metal film 304, it is possible 
to use therefor a metal film containing one of V, Mo, Ti, Nb, W, Fe, Hf, Re, Ta, Zr. 
Pt, and Au, which differs from that of the first metal film 303. 

Table 3 shows the first metals with one example of their thickness and 
the second metals with one example of their thickness, which are applicable in 
Example 3. Further, the melting points of the respective metals are shown 
under atomic symbols. 
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Table 3 



Si 
Layer 


Thickness 
(nm) 


First IVIetal Thickness 
(nm) 


Second Metal 
Thickness (nm) 


Si 


3 


y 

1 91 5"*C 


30 


y 

lylo o 


200 


Mo 
2620 C 


30 


Mo 
ZoZU u 


200 


Nb 
2458 C 


30 


Nb 

24 DO O 


200 


1667^C 


30 


11 


200 


W 
3407^C 


30 


W 
o4U^ O 


200 


Fe 
1 535 C 


30 


Fe 
lOob U 


200 


idf 

2222°C 


30 


Hf 
2222 C 


200 


Re 
31 sec 


30 


Re 


200 


la 
2980''C 


30 


Ta 
2980°C 


200 


Zr 
1857°C 


30 


Zr 
1857°C 


200 




Au 
1064°C 


200 


Pt 

1769°C 


200 



5 



In this Example, the thickness of the Si layer 302 is set to 3nm, the 
thickness of the Nb layer as the first metal film 303 is set to 30nm, and the 
thickness of the Au layer as the second metal film 304 is set to 200nm. 
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However, the thicknesses of the Si layer, the Nb layer, and the Au layer can be 
set to desired values. However, in order to prevent Au from directly contacting 
the semiconductor or Si due to the influence of roughness of the metal 
interfaces, the thickness of the first metal film (e.g. the Nb layer) is preferably 
5 1 0nm or more. On the other hand, when the thickness of the Si layer 302 
increases. Si, which was not used as the n-type dopant, remains. Since the 
resistance value of Si itself is high and therefore, the contact resistance is 
degraded, the thickness of Si is preferably 5nm or less. 

In this Example, the first and second metal films 303 and 304 are 

10 formed by electron-gun deposition. However, it is also possible to stack them 
in layers by another method such as sputter deposition. 

Further, in this Example, the heat treatment temperature is set to 
1000°C. However, the heat treatment temperature can be set to a desired 
value depending upon a metal to be used. However, since the contact 

15 resistance tends to decrease as the heat treatment temperature rises, it is 
preferable to carry out the heat treatment at 800°C or more. 

When further stacking a layer after the heat treatment, a desired metal 
can be formed to a desired thickness depending on the purpose. 
(Another Embodiment) 

20 In the foregoing second embodiment, no Si layer is formed between the 

first metal film 202 and the nitride semiconductor 201 (see Fig. 2). However, 
like in the foregoing third embodiment (see Fig. 3), a Si layer may be formed 
between the first metal film 202 and the nitride semiconductor 201 . In this case, 
the Si layer serves as an n-type dopant with respect to the nitride 

25 semiconductor 201 . 

Industrially Applicable Field 

An ohmic electrode of a nitride semiconductor device of this invention 
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can be used in a device using a nitride semiconductor, sucfi as, for example, a 
light-emitting diode, a laser diode, a Schottky diode, a field-effect transistor, or a 
bipolar transistor. 



